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DURABILrrY OF CERAMICMATRIXCOMPOSrr_
COMBUSTIONENVIRONMENTS

Rayn_nd C. Robinson'and JamesL, Smia1c_'2

IDym_ Engin_ring Company, Broolq)ark, OH, 44142
2NASA Glean Research Center, Cleveland, OH, 44135

Si-tmed ceramicmatrix composites(CIVICs)continue to
draw atUmtion as mateaials for high tcmpcratu_ compot_

in aircraft turbine engines. To date, no burner rig roccsmon

dam has been publis_ for SiC-treed composites. The

purposehoe is to repoaSiCn:o_ion of CMCscomparedto
that reported previously for monoUthic materials,

Background
SiO2 scale volatility and the resulting recession of SiC has

been previously identified for CVD, as _ as sintered. SiC

and Si3N4 materials [1-2]. Llilear weight loss and surface

_on of SiC was obscrv_ as a tesdt of SiO2 volatility

for both furl-lean and fuel-rich gas mixtures. A strong

Asrhenius tempcrature dependcnoe _ and parametric

recession relationships as a function of © .p v xor oou_

lean and rich combustion conditions. Recession of 0.2-2.0

imVhr is predicted for typical combustion conditions at

1200-14000C, with a somewhat higher absolute rcce_on

ra_ and activation energy for rich combustion versus lean.

Experimental rig (HPBR) was used to
NASA GRC's high pressure burner

both commercially available SiC/SiC composites, as
well as those dc_lopod under NASA s Enabling Propulslon

Materiais (EPM) program, to reali_c gas tu:oine

combustion conditions. Samples (y'x0.5"x0.125") were
- 7%COrbal %Na

exposed to both fuel-lean (10*/d)r _/d'IzO"

@ ¢,=0.5) and fuel-rich (6*/d-I2 -12*/dI_O'12o/_rx)'so/d2Or

bal.*/,N2@ _1.5) _ fuel gas mixtures.The prima_test
parameters included a p_ of 6 arm-, temperatures of

1100o_1300-C, and resulting gas velocities of 16-24 m/s.

Exposmes rangedbetween50-250hr_

Results
Weight change was plotted as a function

of time for a series of test tcmperatu_ for both AllicdSignal

Comlx_tc_ Inc. (ACt) chemical vapor infiltrated and EPM

melt infiltrated SiC/SiC compositc materials- As with the

monolithic SiC materials, linear weight loss was observed as

shown in Figure 1, and the resulting loss rates also exlu'bitcd

Arrhcniustemperaturedependence. Hew,,no differences

an materials were noted, and a single_luation
te.aveen the two
was &-_eloped for CIviC material loss:

IG 0mVhr) =2.6036x1051¢'lzskJhn°|RTI (I)

where Equation1 predictssmfacert_x_,ion0ma)conveaed
floraweight change (ragtcmz) using tl_ density ofSiC.

Fud-Rich mixtures. Rich-burn tests were also conducted on

BF Goodrich and ACI materialsover the test conditions.

Onceagain,linearweight loss and an ArrheniustcmDcratur¢
dependence were noted. Equations were developedfor CIVIC

materialloss:

:, ...
, iG(tmghr)=4.629xlOl¢" " I O)

whe_ Equations 2 and 3 pr_ct _ recession for the

BFG and ACI materials, _x:ti_ly. Figure 2 shows tl_

//J -.-L 7

Arrhenius plols compared to the monolithic CVD SiC

results. The slope of each cur_ is usod t° d|aermine the

activation energy (03 of the thermally activat_ process, also

_ _nFisur_2.

A summary of all results is given in Table I. In both fuel-rich

and fud-kan cases, the activation energy (03 is higher for

the CMCs when compared to the monolithic material, while

rich-burn is consistently higher than lean-burn for a $iven

material. Although dzre is slight differencesinthe absolute

recession,the tcmpcramre dcpcrvlcncyof both the BFG

(Q=230 kJ/mol.K) and DuPont (Q=219 k]/mol.K) CMCs

were similar. Using Equations 1-3, long-term recession has

beea predicted under standard (6 atm, 16-24 m/s) conditions

and compared to monolithic CVD SiC. For example at. • hearty l0
1300"C, dch-burn expos_ could typtcaUy predict although

mils of recoss/o_ in only 1000 hls, while iean4mrn,

still very significant, would bc marly half that of rich-burn.

These results ckady indicatethe concern for SiC [tccssion

extendstocompositemuctm= aswdt M]_ and
protcCdvocoatingconceptsarcsecondarytopicsalsoplanned
fordiscussion.
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Figure I. Limar weight loss of SiC-bas:d matcrials under

standard furl-lean corditions (P---6 atm).
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Figawe 2. SiC/SiC CIVIC weight loss 0d=mg/cm2-hr) under
standard rich-burn conditions compared to monolithic SiC.
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